Anatomical and palynological characters of Celtis genus growing in Iraq were studied in an attempt to provide useful features to delimit taxa and to refine taxonomic relationships. Results revealed the presence of lithocysts inside the leaf structure of C. tournefortii with few of them forming very small protrusion out of the leaf, while in C. australis lithocysts form large protrusion out from the leaf. The large midrib adaxial hump of C. tournefortii constitute a wide area between the two sides of the leaf blade, while in C. australis the small midrib adaxial hump produce narrow area between the two sides of the leaf blade. Stomata are of anomocytic type in C. australis while, anomocytic and paracytic in C. tourneforti. Furthermore, simple hairs are dense on the adaxial side of the petiole of C. tournefortii var. tournefortii, while absent from the adaxial side of the petiole of C. tournefortii var. glabrata. Leaves of all taxa are distinctly bifacial, hypostomatic, and provided with one layer of palisade parenchyma. Pollen grains are 3-porate, rarely 4-porate. A sunken area in the aperture surrounding a pore is distinct. Pollen is mediae in size and subprolate in shape, the pollen grains of C. australis together with var. glabrata belong to Celtis-type grain, while, var. tournefoertii to the Ulmus-type grain. The high anatomical and palynological differences between varieties of C. tournefoertii support promotion of these two varieties to the specific level.
INTRODUCTION
Since the mid-20th century, the discipline of plant anatomy becomes a separate, distinct field, and refers only to the internal plant structures (Raven et al., 2005) , while plant anatomy is now investigated at the cellular level, and primary constitutes that the sectioning of tissues and microscopy. The use of anatomical characters in taxonomy has been confined to the last 135 years or so, since the high power microscopes have become commonly available. Moreover, there has been a remarkable revolution in the last 65 years, or so, in the investigation of vascular plant anatomy and its use in classification. The anatomical characters, as indicated by Stace (1980) are as valuable as morphological ones and must not be neglected. In taxonomy, every anatomical aspect of plant should be studied without insisting on some and ignoring others, therefore, the quantity of information accumulated are enormous. Most notable of these is the anatomy of the dicotyledons (Metcalfe and Chalk, 1950 ); Florin's (1933) work on the epidermis and cuticle of gymnosperms). Leaf anatomy and architecture of trees have been carried out as an interesting tool for identifying plants (Ponessa, et al. 1998; Leonardi, et al. 2002; Mantese and Montaldo, 2002; Suárez, et al. 2004; Wagner and Ponessa, 2004) . The leaf and stem anatomy of Celtis australis L. and C. occidentalis L. (Taha, et al. 2011 ) have been investigated to seek after diagnostic characters necessary for differentiating between these two Celtis species. Results show great similarity between the morphological characters of the two plants. It is apparent according to the researchers that the upper and lower leaf surfaces are covered with striated * Corresponding author cuticle, but the lower surface shows strong cuticular ridges. Stomata are present only on the abaxial surface and are mostly of the paracytic type with few anisocytic and anomocytic stomata. Moreover, the palisade parenchyma cells are found to consist of one row of closely packed cells, interrupted by large cystoliths containing calcium carbonate. Cystoliths may be accompanied by unicellular hairs protruding from the epidermis, while the spongy tissue is found to form more or less rounded cells containing calcium oxalate cluster crystals. The leaf crosses section and cuticular structure of Celtis australis was also investigated by Yaman (2005) , his Results referred to the existence of stomata only on the abaxial surface (hypostomatic) and are of anomocytic type. The same study of Yaman (2005) but on Celtis pollen grains indicated that pollen type in Celtis australis L. is stephanoporate, pollen shape is sphaeriodae, and ornamentation is verrucate. Based on palynological data the tribes Celteae and Ulmeae are more or less well distinguished (Erdtman, 1966) . The pollen grains in Celteae are mostly 2-to3-porate, suboblate to oblatespheroidal, with an arcoid streaked sexine. Pollen grains of Ulmeae are 4-to 6-porate, colpate, or rupate, oblate to suboblate, with an arcoid streaked sexine (Edward, 1971) . Using light and scanning electron microscopy (SEM), Iranian Celtis species pollen morphology was compared with some African ones (Mehrdad et al., 2010) . Results revealed that the Iranian Celtis pollen grains are triporate or tetraporate and the phenotypic shape is mostly prolate and subprolate, moreover, the maturity of the Iranian Celtis grains are larger in size, while lower in their sculptural density when compared with African Celtis. In Iraq, no taxonomic anatomical accounts for Celtis genus are available. Objective: The taxonomic relationships between species of the same genus as well as between taxa within species need more distinction and separation by diagnostic characters. The present study has been planned in an attempt to provide useful anatomical and palynological features to delimit taxa and to refine taxonomic relationships among them. The anatomical differences may provide key taxonomic traits to differentiate between the highly related taxa.
MATERIALS AND METHODS
Mature leaves were collected from naturally growing trees and shrubs of Celtis australis, C. tournefortii var. tournefoertii and C. tournefortii var. glabrata from different physiographic regions of northern Iraq. Five leaves from each 5 trees per each taxon were obtained. Specimens were deposited in the herbarium of the College of Agriculture, University of Duhok (DPUH).The vegetal material was fixed in FAA (formalin: glacial acetic acid: alcohol 5:5:90). For the anatomical study, free-hand sections were made on the central parts of leaf blades and petioles. The cross sections samples were stained with Safranin and fast green (Al-Muhtar, et al. 1982) . Histological observations and micrographs were performed with Olympus CX2. Suitable images were photographed using Sony 18.2 mega pixel. Characters studied were those pointed out by many authors as taxonomically interesting (Ellis 1976 (Ellis , 1979 Devesa 1992) .
Cuticular Structure
Mature leaves were selected for light microscope measurements. Samples were dehydrated using ethyl alcohol 90%, then stored in 70% ethanol. leaves of each taxon were sampled randomly from ethanol, washed in distilled water, dried, then immersed in glacial acetic acid and hydrogen peroxide (1:1 volumes), left in oven at 60 °C for 20-40 hours, depending on the taxon. Adaxial and abaxial peelings from the macerated leaves were stained with safranin-glycerin jelly, mounted on microscopic slides, covered by slides. The following measurements were recorded, average of 25 observations for each:
1. Abaxial and adaxial epidermal cell dimensions. 2. Epidermal cell density = number of epidermal cells / mm 2 . 3. Stomatal dimensions. 4. Stomatal density = number of stomata /mm 2 . 5. Stomatal index % = {stomata density/(stomata density + epidermal cell density}*100. 6. Summary statistics (mean, range, and standard deviation) calculated for each character.
Pollen preparation
Flowering buds in the stage just before anthesis were collected from living plants of each taxon foundin wild populations. Flower samples were dried in the laboratory conditions, kept at 4Cº for later use. Preparation of pollen grain for observing by Light Microscope was achieved using stored fresh material. Pollen grains were mounted in methyl green-glycerin jelly; large chunks of pollen grains may be separated if necessary by stirring (1g methyl green dissolved in 100 ml alcohol 95%) (Radford, et al.1974 ).
The following morphological characters were examined using the same Olympus microscope: polar length (p), equatorial diameter (e), p/e ratio, number of apertures, mesocolpium (in the equatorial view), apocolpium, colpus length, exine thickness, shape of the aperture, mean, range and standard deviation for each character was based on 30 observation for each species, Size classes of Erdtman (1945) were assessed, while shape classes of Erdtman (1971) were followed. The pollen terminology was that indicated by Punt, et al. (1999) and Erdtman (1971) . glabrata than var. tournefortii. High overlapping occurs, thus providing insignificant characters for separating these two varieties. The only distinct difference which provides diagnostic character for distinguishing them is the presence of fine hairs covering the petiole, midrib, major veins, and leaf blade in var. tournefortii, while glabrous in var. glabrata (Figure 3) .
RESULTS AND DISCUSSION

Differences between C. tournefortii and C. australis:
Few leaf anatomical differences between C. tournefortii and C. australis could be observed (Table 1) . Both possess epicuticular wax or crust of varying sizes protruding from the epidermal cell wall in addition to numerous lithocysts (Figures1). In C. tournefortii lithocysts are only present inside the leaf structure, very few epidermal cells has lithocysts that form small protrusion out of the leaf, while in C. australis greater number and larger lithocysts protrude out from the leaf. In some of lithocysts, the calcium carbonate has grown (surface wall ingrowths) into a large cystolith that occupies part of the cell. In leaves of C. tournefortiithe palisade layer and spongy parenchyma consist of less densely packed cells with more air spaces between them compared with leaves of C. australis. The midrib of C. australis convexes more at the abaxial side with less adaxial surface area between the two sides of the leaf blade compared to midribs of C. tournefortii. These features may constitute significant taxonomic application (Figure3). In figure ( 3-E) two separate vascular bundles of different size are commonly seen in the petiole cross section of Celtis australis near the leaf base. 
Key to the taxa of Celtis:
1. Lithocysts only present inside the leaf structure with few of them forming very small protrusion out of the leaf; the large midrib adaxial hump form wide area between the two sides of the leaf blade ---------------------2 2. Simple hairs dense on the adaxial side of the petiole -----------C. tournefortii var. tournefortii 2. Simple hairs absent or sparse on the adaxial side of the petiole -----------C. tournefortii var. glabrata 1. Lithocysts present inside the leaf structure with many of them forming large protrusion out from the leaf; the small midrib adaxial hump form narrow area between the two sides of the leaf blade ------------C. australis
Cuticular Structure
Genus characteristics:
The epidermal cells on both the adaxial and abaxial sides are polygonal in shape, sometimes irregular. Straight too slightly curve anticlinal walls are the dominant type of walls in this genus. Plasmodesmata are usually presented penetrating the wall of adjacent cells. Striation is also common especially on the adaxial faces. As a mean size value, adaxial epidermal cell are significantly larger than abaxial epidermal cells (Table 2) . Therefore, cells of the adaxial side are always less in density compared with those of the abaxial side. Stomata are mostly anomocytic, elliptic in shape, and hypostomatic. Both prismatic and druses crystals are presented in all cuticular preparations. Lithocysts normally form a part of the epidermis structure, some protrude out from the leaf epidermis and are seen in cuticular preparations ( Figure 4 , 5, 6). Species characteristics: Cells are highly variable; the trend is to produce epidermal cells of polygonal shapes. Pentagonal shapes are common in C. australis, while more multigonals are to be observed in C. tournefortii. No remarkable shape differences occur between the adaxial and abaxial surfaces. Anticlinal walls are straighter and less curved in C. tournefortii than walls of C. australis Figures (4, 4, 6) . In all taxa, striation is observable, but more evident over the adaxial epidermis, thus obscuring the appearance of these cells. All Celtis taxa epidermis contain numerous lithocysts which predominantly protrude out from the epidermis and appear as a simple trichome in C. australis, while mostly remain within the epidermis and appear as trichome foot. Epidermal cell sizes and density, and stomatal sizes (Table 2) do not form significant characters for distinguishing between C. australis and C. tournefortii, as well as between the two varieties (var. tournefortii and var. glabrata), overlapping is too high. Stomata are anomocytic in C. australis, while anomocytic and occasionally paracytic in C. tournefortii, the paracytic stomatal type is especially found in epidermal preparations of C. tournefortii var. glabrata ( Figure 6 ). This is in agreement with what Yaman (2005) referred to regarding stomata of C. australis. Mean stomatal density and index of C. tournefortii var. tournefortii (Table 2) show slight superiority over those of C. australis and C. tournefortii var. glabrata. 
Pollen Grain Characteristics
Celtis australis:
Pollen grains are in monads and of 3-porate, rarely 4-porate. A sunken area in the aperture surrounding a pore is also distinct; availability of the same feature was supported by (Mehrdad et al., 2010) The high anatomical and palynological differences between the two varieties of C. tournefoertii support promotion of these varieties into specific levels as treated in flora of Iran (Mehrdad, et al. 2010 ). 
